Background: Climate change resulting in heat stress, is one of the most challenging environmental conditions affecting poultry. Studying thermotolerance is crucial in the prevention of heat stress in chickens because it may lead to the identification of genetic lines that can withstand adverse effects of heat stress. This study aimed at investigating polymorphisms in heat shock protein 70 (HSP70) gene in indigenous chicken ecotypes. We also analyzed the mitochondrial DNA (mtDNA) D-loop of indigenous chickens to assess their origins and genetic diversity.
26 mitochondrial DNA (mtDNA) D-loop of indigenous chickens to assess their origins and genetic 27 diversity.
28 Methods: We collected samples from Turkana basin, Mt. Elgon catchment, Lake Victoria basin 29 and Lamu chicken ecotypes in Kenya. Genomic DNA was extracted from 280 chicken samples. 30 The first 360 bp region of HSP70 and the first 760 bp region of the mtDNA were then amplified 31 via PCR. These were later sequenced using Sanger ABI 3730 method. 50 Climate change is one of the most significant challenges affecting Africa today. The African 51 continent is vulnerable to climatic variation resulting in multiple stresses such as heat stress 52 which has adverse effects on the agricultural sector since it causes diseases and low productivity, 53 consequently threatening food security. Heat stress also affects the physiological and 54 morphological functions of poultry. Diversity among livestock is crucial because it contributes 55 significantly to livestock development in the face of changing threats such as climate change.
56 Studies to understand diversity in indigenous chickens in developing countries have been done 57 using microsatellite markers (Hillel et al., 2003; Mwacharo et al., 2007) and mtDNA (Fumihito 58 et al., 1996; Liu et al., 2006) . 59 The increasing human population has increased the demand for animal products such as meat 60 and eggs, which has in turn resulted in the erosion of genetic resources due to crossbreeding 61 especially in developing countries (including Kenya) where most diversity exists. While most of 62 the crossbreeding programs aim at improving the production of chickens, they do not consider 63 other factors such as the heat tolerance ability of these improved chickens. Heat tolerance should 64 be considered when coming up with highly productive chickens because climate change may 65 result in heat stress, making chickens to produce minimally which could contribute to their 66 mortality. There are many existing technologies in breeding programs in poultry that consider 67 climate change adaptation, and as such, indigenous chickens which are heat tolerant are bred 68 with exotic breeds to improve on heat tolerance (Lu, Wen & Zhang, 2007; Aengwanich, 2009 ; 69 Hoffmann, 2010; Renaudeau et al., 2012) . 70 Certain genes have been found to be beneficial in heat stress tolerance. These genes include the 71 heat shock protein family such as the heat shock protein 70 (HSP70) gene (Kregel, 2002;  72 Fujimoto & Nakai, 2010) . HSP70 is a molecular chaperone required for correct folding of newly 73 synthesized proteins and maintaining protein homeostasis (Hartl, 1996; Kregel, 2002; Mayer & 74 Bukau, 2005; Zeng et al., 2013) . It is also involved in functions such as apoptosis (Kregel, 2002) , 75 but most importantly in the regulation of heat shock response and the acquisition of 76 thermotolerance (Mayer & Bukau, 2005) . 77 Some genes such as the naked-neck gene (Na), dwarf (dw), frizzled (F) have been linked with 78 heat tolerance in chickens (Deeb & Cahaner, 2001a; Deeb & Cahaner, 2001b; Magothe, Muhuyi 79 & Kahi, 2010) . The scaleless mutation which results in featherless chickens has been used to 80 improve thermotolerance (Cahaner et al., 2008; Renaudeau et al., 2012) . Various comb types 81 have also been attributed to heat regulation in indigenous chickens (Moraa et al., 2015) . 82 Polymorphism studies in the HSP70 gene have shown sequence variations associated with 83 mRNA expression levels. Results from the analysis of HSP70 in birds exposed to heat stress 84 found that birds that were more resistant to heat had only PstI HSP70 allele located upstream 85 from the coding region while the other breeds displayed two different alleles for that gene 86 (Mahmoud & Edens, 2005) . Polymorphisms have been detected in the coding and regulatory 87 regions of HSP70 in chickens with several heat tolerance abilities (Zhang, Du & Li, 2002) . The 88 beginning of the coding region and the promoter region of HSP70 have been analyzed in 89 chickens with various heat tolerance abilities, and two single nucleotide polymorphisms (SNPs) 90 identified; A+258G and C+276G both of which were silent mutations (Mazzi et al., 2003) . The 91 different genotypes at polymorphism sites A+258G and C+276G were associated with the 92 mRNA expression level of HSP70 in the liver and leg muscle with the heterozygotes having 93 higher expression levels than the other genotypes (Zhen et al., 2006) . 94 This study aimed to analyze the functional polymorphism of HSP70 in relation to heat stress in 95 Turkana basin, Mt. Elgon catchment, Lake Victoria basin and Lamu chicken ecotypes in Kenya. 96 The study also investigated variations in mtDNA to establish their genetic diversity. Our research 97 will therefore play a significant role in future molecular programs primarily in the exploitation of 98 genes deemed useful during heat stress in poultry. 105 Sample collection and DNA extraction 106 We collected our samples at the farms by using the rural participatory approach method which 107 involved explaining to the farmers about our research to get consent from them. We administered 108 questionnaires to the farmers, recording information about their chickens in the process. We also 109 collected blood samples from 280 genetically unrelated indigenous chickens. Two mature birds 110 (above six months) were selected from each flock for study as previously described (Mwacharo 111 et al., 2011) . All blood samples were spotted on FTA ® Classic Cards (Whatman Biosciences) and 112 stored at room temperature before DNA extraction. We extracted genomic DNA from the air-113 dried blood preserved on FTA classic cards according to the manufacturers' instructions.
114 PCR amplification and sequencing 115 The first 360-bp of the HSP70 gene was amplified via PCR using forward primer HSPF 116 (5'AACCGCACCACACCCAGCTATG-3') and reverse primer HSPR 133 The PCR products were run on 1% agarose gel using 1X TBE buffer (89Mm Tris, 89mM Boric 134 acid, 2Mm Na 2 EDTA) in a voltage of 100V for 25 minutes. The gels were stained with 135 GelRed™ Nucleic acid gel stain and visualized under UV light (BTS-20 model, UVLtec Ltd., 136 UK). One kb DNA Ladder was used to identify the approximate size of the molecule run on a 137 gel.
138 All PCR products that were positive upon visualization on agarose gel were sequenced at 139 Macrogen in Europe. The products were sequenced in both the forward and reverse directions 140 using the Sanger ABI 3730 method.
141 Data analysis 142 We visualized the chromatograms and edited them manually using Chromas Lite version 2.1.1 143 (Avin, 2012) (Technelysium Pty Ltd, Australia). We trimmed out the primers and created a 144 consensus nucleotide sequence. We aligned the consensus against reference sequences from 145 GenBank using Clustal X version 2.1 ( Thompson et al., 1997) . We restricted our subsequent 146 analyses to a 316bp promoter region of HSP70 and the first 343 bp mtDNA D-loop incorporating 147 the first hypervariable segment (HSV1) 148 We constructed the haplotypes manually and by the use of DnaSP v 5.10 (Librado & Rozas, 149 2009). Genetic diversity indices on HSP70 and mtDNA for the ecotypes were calculated using 150 DnaSP v5.10 and ARLEQUIN v3.5.1.2 (Excoffier, Laval & Schneider, 2005) . 151 We constructed a phylogenetic tree for HSP70 involving the haplotypes observed and the 152 reference sequences downloaded from GenBank using the Maximum Likelihood algorithm as 153 implemented in MEGA v6.06 following 1000 bootstrap replications (Tamura et al., 2013) . We 154 also constructed a splits decomposition network for both HSP70 and mtDNA haplotypes using 155 splits tree v4.14.2 (Bandelt & Dress, 1992) . We assessed the population genetic structure by the 156 analysis of molecular variance (AMOVA) (Excoffier, Laval & Schneider, 2005) .
158 RESULTS
159 Genetic Polymorphisms in HSP70 Gene 160 We obtained good quality sequences of 277 sampled indigenous chicken ecotypes in Kenya. We 161 compared these sequences with other avian HSP70 sequences downloaded from GenBank. We 162 identified three HSP70 haplotypes which we renamed to haplotype AC, haplotype GC and 163 haplotype AG. We deposited the haplotype sequences in GenBank under accession numbers 164 KT948639, KT948640, and KT948641 respectively. 165 We then did an alignment of the three haplotypes generated with the ancestral red jungle fowl 166 (NC_006092.3), using Muscle Version 3 (Edgar, 2004) . Two polymorphic sites were observed at 167 positions 153 and 171 which correspond to position 52,784,398 and 52,784,416 respectively in 168 the Gallus_gallus-4.0 chromosome 5 from UCSC genome browser.
169 Phylogenetic analyses 170 To determine the model of sequence evolution and the rate of heterogeneity of the sequences we 171 used MEGA Version 6 software (Librado & Rozas, 2009 (Fig. 1) , while haplotype AG and AC clustered together. The tree was rooted using the rock 176 pigeon HSP70 sequence. (Fig. 3) . We used a Mantel test to assess the non-random association between genetic differentiation 226 (F ST ) and the geographic distances between populations. We plotted a regression graph of the 227 genetic and geographic distances using GenAIEx v6.501 software (Peakall & Smouse, 2006) . 228 From the results, a slight positive correlation (p>0.05) is observed between the genetic variation 229 and the geographic location in indigenous chicken ecotypes in Kenya (Fig. 4) . 234 We obtained partial 343 bp mtDNA D-loop sequences of 280 sampled indigenous chicken 235 ecotypes in Kenya. These sequences were compared with other chicken mtDNA sequences 236 downloaded from GenBank with accession numbers; AB114069, AB007744, AB114070, 237 AY588636, AB114076, AF512285, AF515588, D82904, AB009434. We identified 28 mtDNA 238 haplotypes which we renamed to Haplotype_1-Haplotype_28. We deposited these haplotypes in 239 GenBank under accession numbers MH681612-MH681639. 240 To determine the model of sequence evolution and the rate of heterogeneity of the sequences we 241 constructed a splits decomposition network. We used our 28 haplotypes and nine reference 242 haplogroup sequences downloaded from GenBank (Liu et al., 2006) . We included Gallus gallus 243 bankiva as an outgroup. The decomposition network revealed the presence of a major clade E. We calculated some diversity indices for the indigenous chicken ecotypes as shown in Table 3 . 251 All mtDNA haplotypes from studied populations were polymorphic with the number of 252 haplotypes ranging from 3 to 9 ( (Librado & Rozas, 2009 ) to study the historical and population dynamics of 263 the studied indigenous chicken ecotypes. We calculated observed and expected distributions of 264 mismatches under the population growth decline model (Rogers & Harpending, 1992) . The 265 mismatch distribution is multimodal as shown in Fig. 6 . . Based on pairwise differences in AMOVA, variation among ecotypes and populations 283 within the ecotypes accounted for 18.8% and 3.14% respectively. On the other hand, the 284 variation within individuals was high, accounting for 78.06% (Table 5) . 289 Single nucleotide polymorphisms (SNPs) in the coding and non-coding regions have been 290 shown to play a critical role in regulating their function, and this has led to a better 291 understanding of the gene structure (Chen et al., 2016) . To the best of our knowledge, this is the 292 first study to provide insights into the genetic polymorphisms in HSP70 among indigenous 293 chicken ecotypes in Kenya in relation to their genetic background. We identified three HSP70 294 haplotypes -haplotype GC, AC, and AG. These haplotypes were shared within and between the 295 chicken ecotypes. The extent of HSP70 and mtDNA haplotype sharing among indigenous 296 chicken ecotypes which can be attributed to extensive inbreeding practices indicates lack of 297 population structure . The HSP70 mantel test and the mtDNA 298 AMOVA test revealed a lack of population structure within indigenous chicken ecotypes in 299 Kenya. Lack of population structure has also been reported previously  300 301 Haplotype AG was the most frequent haplotype in all the ecotypes while haplotype AC had the 302 least frequencies in all the ecotypes. Phylogenetic analysis with other avian species including 303 the ancestral red jungle fowl sequences indicated that haplotype GC is the ancestral haplotype 304 since it clustered with the ancestral red jungle fowl. This haplotype dominated in Turkana basin 305 chicken ecotype. This result is supported by the mtDNA data which indicates that the ancestral 306 mtDNA haplotype E is dominant in Turkana basin chicken ecotype.
307 Polymorphisms in chicken HSPA70 gene has been shown to be related to resistance to heat 308 stress (Zhang, Du & Li, 2002; Maak et al., 2003) . It is clear from this study that haplotype AG 309 and GC could be advantageous to heat tolerance in indigenous chickens since haplotype GC 310 dominated in Turkana basin chicken ecotype while haplotype AG was dominant in Lamu 311 chicken ecotype. Turkana baasin and Lamu are arid and semi-arid lands characterized by high 312 ambient temperatures of up to 42ºC and we therefore hypothesize that the two haplotypes have a 313 crucial role in heat tolerance. 314 The percentage variation of HSP70 was highest within individuals. Therefore, we postulated 315 that there is a clear genetic variation in HSP70 gene within individual indigenous chicken 316 ecotypes in Kenya and that the sequence of the HSP70 gene that changed during the extensive 317 history of evolution, natural and artificial selection could play a significant role in heat stress.
318 It has been shown that individual variations in heat shock responses may be related to DNA 319 polymorphisms in the HSP70 gene in birds (Enrique et al., 1998; Iwamoto et al., 2008) 320 Genetic changes bring about variations in gene products and their expression levels. This could (Deeb & Cahaner, 2001a; Maak et al., 2003; Mack et al., 2013) . 327 For instance, changes in the AT content of the promoter affects the expression of HSP70 which 328 plays a significant role in regulatory evolution (Chen et al., 2011) . This, therefore, is an 329 indication that other changes in the gene sequence of HSP70 could contribute to the evolution of 330 this gene. 331 The different heat tolerant capability traits in chicken are brought about by the coding regions 332 and polymorphism regulation of HSP70 (Zhang, Du & Li, 2002) . Therefore, the use of modern 333 molecular breeding technology to identify genetic markers related to thermotolerance could 334 allow for the possibility of direct gene selection. It has been shown that the C.-69A>GSNP in 335 the 5′-flanking region of the HSP70 gene affects chickens' thermotolerance traits in white 336 recessive rock chickens exposed to thermoneutral temperatures and the GG genotype might be 337 advantageous for the prevention of heat stress. Thus, this SNP may be a potential molecular 338 marker for further genetic improvement of thermotolerance in chicken (Chen et al., 2016 
